Development of simple sequence repeat markers for Chamerion angustifolium (Onagraceae)
Corporation, Beijing, China). A DNA library was thus established from the DNA segments. DNA fragments were used as templates for PCR amplification. The products were purified by electrophoresis and linked to the pMD18-T vector (TaKaRa Biotechnology Co., Dalian, Liaoning, China). We added the conjugates to the competent cells of Escherichia coli, and the DNA fragments from the ligation products were cloned. The positive clones were then isolated from the clone products, and the clones containing the target sequences were selected for sequencing. Using Chromas version 2.2.4 (Technelysium, South Brisbane, Australia), we checked and, if necessary, manually corrected each sequence peak map and then selected the sequences containing SSR motifs. We used DNAMAN version 5.2.2 (Lynnon Biosoft, San Ramon, California, USA) to remove the sequences of the adapters, and CodonCode Aligner version 3.5 (CodonCode Corporation, Centerville, Massachusetts, USA) to perform sequence alignment analysis. After removing the repetitive sequences, SSR primer pairs were designed using Primer Premier 5 (Lalitha, 2000) with the following settings: primer length 18-22 bp, product size 100-300 bp, and the remaining parameters set as default. In total, 63 pairs of primers were designed. We carried out a preliminary test using 10 individuals to exclude unamplifiable, monomorphic, or incorrectly amplified primer pairs. The alleles were segregated using polyacrylamide gel electrophoresis. Of the 63 primers, eight pairs were unamplifiable, 33 had amplified polymorphic bands, and 22 exhibited nonspecific amplification. We further selected 16 primer pairs with high numbers of alleles, high intensity of electrophoresis bands, and low stutter.
To confirm the polymorphism of these 16 primer pairs, 50 individuals of C. angustifolium were collected from three populations in Shaanxi Province, China (Taibai County [n = 20], Langao County [n = 19] , and Chang'an County [n = 11]; Appendix 1). The sample leaf tissues were cut in 1-cm 2 pieces, immersed in a 500-μL nuclei extraction buffer (CyStain UV Precise P; Sysmex Partec, Münster, Germany), and quickly chopped to release nuclei using a double-edged blade. The isolated nuclei were stained with stain buffer (CyStain UV Precise P; Sysmex Partec), whose absorbance was measured using a flow cytometer (CyFlow; Sysmex Partec). By comparing the absorbance of C. angustifolium to that of a related diploid species (Epilobium hirsutum L.), the cytotypes of all individuals were calculated.
These 16 selected fluorescent primer pairs (Table 1) were amplified for capillary electrophoresis to genotype. The allelic phenotypes were manually determined from the electropherogram peaks. For reference purposes, these same 16 primer pairs were also amplified in five samples each of E. palustre L. and C. conspersum (Hausskn.) Holub (Appendix 1).
Due to genotype ambiguity (Huang et al., 2014) , the true genotypes of polyploids cannot be revealed by electrophoresis band types from PCR-based codominant markers. We developed a method to estimate the genetic diversity indices directly from the allelic phenotypes (Appendix 2). This method extracts the possible genotypes from the phenotype, then estimates the allele frequencies by an iterative algorithm developed by Kalinowski and Taper (2006) ; the genetic diversities are calculated from the allele frequencies or from the extracted genotypes by using their posterior probabilities as the weight.
Flow cytometry showed that all individuals in the three populations of C. angustifolium are hexaploids. The results of microsatellite genotyping show that the number of alleles is between four and 13 in all three sampled populations of C. angustifolium (Table 2) , and the levels of observed and expected heterozygosity range from 0.286 to 0.899 and from 0.372 to 0.871, respectively. The polymorphism information content values of the 16 loci exceed 0.3, and allelic richness is also high in all populations, denoting high polymorphism of the developed SSR markers. These parameters also suggest high levels of polymorphism among the 16 loci. Table 3 lists the 14 primers that successfully amplifed in E. palustre and the 12 that successfully amplifed in C. conspersum.
CONCLUSIONS
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where Pr(A k | G i ) is the frequency of the kth alleles in G i . Based on the estimated allele frequency, the genetic diversity indices can be calculated, including allelic richness, polymorphic information content, and both observed and expected heterozygosities. The heterozygosity in polysomic inheritance is defined as the probability of sampling two distinct alleles from a genotype without replacement. Our method has been implemented in Polygene version 1.0 (Huang et al., 2019 ; https://github.com/huangkang1987/polygene/).
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